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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus 
and method for forming a thin film by using a raw 
material fluid obtained by mixing a film forming raw 
material with a fluid or a liquid in a supercritical state. 
SOLUTION: The raw material fluid in which a 
condensation polymer consisting of a composition 
element of metal oxide intended for formation, alcohol, 
and fluid or liquid carbon dioxide in the supercritical state 
are mixed is fed to the apparatus for forming the thin 
film. The apparatus includes a substrate holder 2 to hold 
a substrate 3 a film forming chamber 1 to accommodate 
the substrate holder, a feeding mechanism to feed the IS t~ 

raw material fluid on a substrate surface and a lamp 
heater 4 to heat the substrate 3 held on the substrate 

holder 2. The thin film is formed by using the raw material fluid obtained by mixing the film 
forming raw material with the fluid or the liquid in the supercritical state. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the membrane formation equipment and the membrane 
formation approach of supplying the raw material fluid which mixed the fluid or liquid of a 
condensation polymerization object, alcohol, and a supercritical condition which consists of the target 
metallic-oxide configuration element, and carrying out thin film formation. 
[0002] 

[Description of the Prior Art] There is a technique of using a supercritical carbon dioxide for the 
washing process which extracts dirt from electronic parts. This washing process becomes it from the 
liquid-sending system of a supercritical carbon dioxide with the washing tub which puts in a washing 
object, and the extracted dirt and the separation tub which separates a carbon dioxide. A washing object 
is put into a washing tub, a carbon dioxide is made into a delivery predetermined pressure there, and the 
dirt adhering to a washing object is melted into a carbon dioxide. After introducing into a separation tub, 
a separation tub is decompressed to a predetermined pressure and the supercritical carbon dioxide which 
extracted dirt is separated with dirt. A carbon dioxide is recycled, a washing object decompresses a 
washing tub, and is taken out and washing ends it. 
[0003] 

[Problem(s) to be Solved by the Invention] Although the technique of using a supercritical carbon 
dioxide for the washing process of electronic parts was known from the former as mentioned above, the 
artificer inquired wholeheartedly about using the fluid of supercritical conditions, such as a supercritical 
carbon dioxide, for other applications. Consequently, the membrane formation approach and membrane 
formation equipment which form a thin film using the fluid of a supercritical condition were found out. 
[0004] Furthermore, the sol gel solution used when forming a metallic-oxide thin film with a spin coat 
method etc. considers a mothball in the first place, and uses as a solvent the alcohol with which 
molecular weight cannot evaporate comparatively easily greatly, such as n-butyl alcohol. This is 
performed in order to suppress the presentation change and thickness change by volatilization of solvent 
alcohol few as much as possible, using the alcohol with which molecular weight cannot evaporate 
comparatively easily greatly on the other hand the inside of the metallic-oxide thin film after creation 
- solvent alcoholic main truss Narimoto the technical problem that the carbon which is base will 
remain occurred. 

[0005] This invention is made in consideration of the above situations, and the object is in offering the 
membrane formation equipment and the membrane formation approach of forming a thin film using the 
raw material fluid which mixed the membrane formation raw material into the fluid or liquid of a 
supercritical condition. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 
membrane formation equipment concerning this invention The substrate electrode holder which is 
membrane formation equipment which supplies the raw material fluid which mixed the carbon dioxide 
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of the condensation polymerization object, the alcohol and the fluid of a supercritical condition which 
consist of a metallic-oxide configuration element made into the formation object, or a liquid, and carries 
out thin film formation, and holds a substrate, It is characterized by providing the membrane formation 
chamber which holds this substrate electrode holder, the feeder style which supplies the above- 
mentioned raw material fluid to a substrate front face, and the heating apparatus which heats the 
substrate held at the above-mentioned substrate electrode holder. 

[0007] According to the above-mentioned membrane formation equipment, a thin film can be formed on 
a substrate by supplying the raw material fluid which mixed the membrane formation raw material into 
the fluid or liquid of a supercritical condition to a substrate front face. Although this invention dissolves 
the condensation polymerization object with which molecular weight becomes alcohol, such as a 
methanol which is rich in volatility, or ethanol, from the metallic-oxide configuration element made into 
the formation object small (a carbon content is ), the metallic-oxide configuration element of difficulty 
solubility serves as a raw material solution with which the metallic-oxide configuration element made 
into the formation object by raising solubility using the supercritical fluid which is rich in solubility 
fully melted. By considering as a metallic-oxide thin film immediately after mixing this raw material 
solution, even if it uses alcohol, such as a methanol which is rich in volatility, or ethanol, since alcohol, 
such as a methanol which neither presentation change nor thickness change takes place, in addition is 
rich in volatility, or ethanol, can be used as a solvent, the target metallic-oxide thin film can be formed, 
without the carbon of the main configuration element of alcohol, such as a methanol or ethanol, 
remaining in a thin film in the thin film after formation. 

[0008] The metal alkoxide which the membrane formation equipment concerning this invention 
becomes from the metallic-oxide configuration element for the purpose of formation, The substrate 
electrode holder which is membrane formation equipment which supplies the raw material fluid which 
mixed the fluid of the water of the known amount for carrying out partial hydrolysis of the metal 
alkoxide, alcohol, and a supercritical condition, and carries out thin film formation, and holds a 
substrate, It is characterized by providing the membrane formation chamber which holds this substrate 
electrode holder, the feeder style which supplies the above-mentioned raw material fluid to a substrate 
front face, and the heating apparatus which heats the substrate held at the above-mentioned substrate 
electrode holder. 

[0009] Moreover, the above-mentioned membrane formation chamber can also be consisted of the 
substrate hold section which holds the substrate electrode holder holding a substrate, and the path hold 
section used as the path which is tied to this substrate hold section and supplies a raw material fluid to a 
substrate in the membrane formation equipment concerning this invention. 

[0010] Moreover, in the membrane formation equipment concerning this invention, it is also possible to 
include further the rolling mechanism which rotates the above-mentioned substrate electrode holder. 
Thereby, the membrane formation to a part of substrate front face is repeated, and the membrane 
formation to the whole substrate front face is attained eventually. 

[001 1] Moreover, in the membrane formation equipment concerning this invention, it is also possible for 
the sonicator which gives supersonic vibration to either [ at least ] the above-mentioned feeder style or a 
substrate electrode holder to be included further. It becomes possible to crystallize by this the thin film 
which formed membranes to the substrate at low temperature. 

[0012] Moreover, in the membrane formation equipment concerning this invention, it is also possible for 
the soft-X-ray irradiation equipment which irradiates the black light which irradiates ultraviolet rays, or 
soft X ray to be further included in the substrate held at the above-mentioned substrate electrode holder. 
It becomes possible to crystallize by this the thin film which formed membranes to the substrate at low 
temperature. 

[0013] Moreover, the fluid container with which the carbon dioxide of the fluid of a supercritical 
condition or a liquid was contained in the membrane formation equipment concerning this invention, 
The membrane formation raw material container 1 with which the metal alkoxide as a membrane 
formation raw material was contained, The membrane formation raw material container 2 with which 
the water of the known amount for carrying out partial hydrolysis of the metal alkoxide was contained, 
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The alcoholic container with which alcohol was held, and the mixer connected to this fluid container, 
this membrane formation raw material container 1, this membrane formation raw material container 2, 
and this each of alcoholic container, It is possible for it to be the nozzle connected to this mixer, and to 
be also what has the nozzle which is arranged in a membrane formation chamber and sprays a 
membrane formation raw material. 

[0014] Moreover, in the membrane formation equipment concerning this invention, it is also possible to 
include further the 1st temperature-control device which carries out the temperature control of the 
above-mentioned fluid container, and the 2nd temperature-control device which carries out the 
temperature control of the above-mentioned mixer. Moreover, in the membrane formation equipment 
concerning this invention, it is desirable that the above-mentioned alcohol is a methanol or ethanol. 
[0015] The membrane formation equipment concerning this invention is membrane formation 
equipment which supplies the raw material fluid which mixed the carbon dioxide of the condensation 
polymerization object, the alcohol and the fluid of a supercritical condition which consist of a metallic- 
oxide configuration element made into the formation object, or a liquid, and carries out thin film 
formation. A membrane formation chamber, The 1st substrate electrode holder holding a substrate held 
in this membrane formation chamber, The feeder style which supplies the above-mentioned raw material 
fluid to the substrate front face held at the 1st substrate electrode holder, It is characterized by providing 
the crystallization chamber connected to the above-mentioned membrane formation chamber, the 2nd 
substrate electrode holder holding a substrate held in this crystallization chamber, and the heating 
apparatus which heats the substrate held at the 2nd substrate electrode holder. 
[0016] By the process which the membrane formation approach concerning this invention is the 
membrane formation approach which forms a thin film using membrane formation equipment according 
to claim 1, and holds a substrate in a substrate electrode holder, and the feeder style With the process 
which forms a thin film on a substrate by mixing alcohol with a condensation polymerization object, 
mixing the carbon dioxide of this mixture, the fluid of a supercritical condition, or a liquid, forming a 
raw material fluid, and supplying this raw material fluid to a substrate front face, and heating apparatus 
It is characterized by providing the process which heat-treats to a substrate. 

[0017] Moreover, in the membrane formation approach concerning this invention, it is also possible to 
spray the above-mentioned raw material fluid, giving supersonic vibration to either [ at least ] a nozzle 
or a substrate electrode holder at the process which forms the above-mentioned thin film. 
[0018] According to the above-mentioned membrane formation approach, a thin film can be formed on a 
substrate by spraying from a nozzle the raw material fluid which mixed the membrane formation raw 
material in the fluid of a supercritical condition on a substrate front face. Moreover, if supersonic 
vibration is given to a nozzle in case a raw material fluid is sprayed from a nozzle, supply of the 
membrane formation raw material which could prevent getting a membrane formation raw material 
blocked in a nozzle, consequently was stabilized will be attained. Moreover, if supersonic vibration is 
given to a substrate electrode holder in case a raw material fluid is sprayed from a nozzle, supersonic 
vibration is given to a substrate, the stable crystal growth on the front face of a substrate becomes 
possible, and a thin film with a sufficient property can be formed. 

[0019] Moreover, in the membrane formation approach concerning this invention, it is also possible to 
include further the process which irradiates ultraviolet rays or soft X ray in a thin film between the 
process which forms the above-mentioned thin film, and the process which performs the above- 
mentioned heat-treatment. Thereby, it becomes possible to crystallize a thin film at low temperature. 
[0020] Moreover, as for the process which performs the above-mentioned heat-treatment, in the 
membrane formation approach concerning this invention, it is possible for it to be also what has the 
process which the temperature of a substrate is heated [ process ] to the 1st temperature and evaporates 
the alcohol on a substrate, the process which heats the temperature of a substrate to the 2nd temperature 
higher than the 1st temperature, and the process which heats the temperature of a substrate to the 3rd 
temperature higher than the 2nd temperature. In addition, the 1st temperature is about 150 degrees C, the 
2nd temperature is about 400 degrees C, and the 3rd temperature is about 600 degrees C. 
[0021] 
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[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. Drawing 1 is the block diagram showing the outline of the membrane formation 
equipment by the gestalt of the 1st operation concerning this invention. This membrane formation 
equipment is membrane formation equipment which used the sol gel forming-membranes method. 
[0022] This membrane formation equipment is equipped with the membrane formation chamber 1, and 
the substrate electrode holder 2 holding a substrate 3 is arranged in this membrane formation chamber 1 . 
Moreover, under the substrate electrode holder 2 in the membrane formation chamber 1, the lamp heater 
4 as heating apparatus is arranged. This lamp heater 4 is for crystallizing the thin film which formed 
membranes to the substrate 3, and it enables this to perform membrane formation and crystallization 
continuously within the same chamber. In addition, it is not necessary to necessarily arrange the lamp 
heater 4 under the substrate electrode holder 2, and if it is near the substrate electrode holder 2, it is also 
possible to arrange the lamp heater 4 in other locations. 

[0023] Moreover, the nozzle 5 for spraying the raw material fluid which mixed the condensation 
polymerization object (membrane formation raw material) and alcohol which consist of a metallic-oxide 
configuration element made into the formation object, and the fluid (supercritical fluid) of a supercritical 
condition above the substrate electrode holder 2 in the membrane formation chamber 1 is arranged. 
[0024] Sonicator 13b is connected to the nozzle 5. By giving supersonic vibration to a nozzle 5 by this 
sonicator 13b, it can prevent getting a membrane formation raw material blocked in a nozzle 5. 
Moreover, sonicator 13a is connected to the substrate electrode holder 2. It becomes possible by giving 
supersonic vibration to a substrate 3 by this sonicator 13a to make it crystallize at low temperature. In 
addition, Sonicators 13a and 13b can use various equipments, if a supersonic wave is generated. 
[0025] It connects with the vacuum pump 6 through the pressure regulating valve 14 at the membrane 
formation chamber 1. Vacuum suction of the inside of the membrane formation chamber 1 is carried out 
with a pressure regulating valve 14 and a vacuum pump 6. Moreover, the pressure gage 21 which 
measures the pressure in this chamber 1 is connected to the membrane formation chamber 1. Moreover, 
the nitrogen gas cylinder is connected to the membrane formation chamber 1 through the bulb 18, 
nitrogen gas is supplied in the membrane formation chamber 1 from this nitrogen gas cylinder, and the 
nitrogen purge of the inside of this chamber 1 is carried out. 

[0026] Moreover, the oxygen cylinder is connected to the membrane formation chamber 1 by piping 
through the bulb 20 and the massflow controller (MFC) 27. A heating means 30 to heat these is attached 
in this piping, the massflow controller 27, and the bulb 20. And it is constituted so that the oxygen gas 
which control of flow was carried out with the massflow controller 27, and was heated by the heating 
means 30 may be supplied in the membrane formation chamber 1 from an oxygen cylinder. 
[0027] The nozzle 5 is connected to the bulb 15 through the siphon tube 31, and this bulb 15 is 
connected to the mixer 7 through the siphon tube 32. A heating means (temperature-control device) 28 
to heat these is attached in the mixer 7, the siphon tube 32, and the bulb 15. 
[0028] The mixer 7 is connected to the bulb 16 through piping, and this bulb 16 is connected to the 
massflow controller (MFC) 25 through piping 33. This massflow controller 25 is connected to the 
alcoholic container 8 with which alcohol was held through piping 34. This alcoholic container 8 is 
connected to Ar bomb with which Ar gas was held through piping 35. 

[0029] Moreover, the mixer 7 is connected to the bulb 17 through piping, and this bulb 17 is connected 
to the massflow controller (MFC) 26 through piping 36. This massflow controller 26 is connected to 
MO raw material container 10 with which the membrane formation raw material (MO raw material; 
metal organic raw material) was held through piping 37. This MO raw material container 10 is 
connected to Ar bomb with which Ar gas was held through piping 38. 

[0030] Moreover, the mixer 7 is connected to 19 through the siphon tube 39, and this bulb 19 is 
connected to C02 bomb 1 1 with which C02 of a supercritical condition was held through the siphon 
tube 40. The pressure gage 23 which measures the pressure in this piping is connected to this siphon 
tube 40. Moreover, the pressure gage 22 which measures the pressure in this mixer is connected to the 
mixer 7. 

[0031] The heating means (temperature-control device) 29 is formed in C02 bomb 11, siphon tubes 39 
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and 40, and a bulb 19. C02 bomb 1 1 etc. is wrapped for example, at the field-like heater (not shown), 
and, specifically, is heating those, such as C02 bomb 1 1, at this field-like heater. 
[0032] Moreover, membrane formation equipment is equipped with the control section (not shown). 
This control section controls actuation of the timing which sprays a raw material fluid, the amount of 
fuel spray, and Sonicators 13a and 13b, the timing of turning on and off of the lamp heater 4, etc. 
Moreover, this control section controls membrane formation equipment to realize the membrane 
formation approach mentioned later. 

[0033] Here, it explains, referring to drawing 2 about the fluid of a supercritical condition. Drawing 2 is 
drawing showing the condition of the matter in the relation between temperature and a pressure. 
[0034] Although it is known well that there are three conditions, a gas, a liquid, and a solid-state, in the 
matter, there is a supercritical condition which can be called 4th condition. As shown in drawing 2 , 
although it is possible to liquefy if it carries out more than a certain pressure, at temperature lower than 
the critical temperature TC of a matter proper, above the critical point, the interface of vapor-liquid is 
extinguished, and a liquefaction phenomenon is no longer seen and comes to exist as a gas condition of 
non-condensable high density. Thus, the time of existing, after the matter has exceeded the peculiar 
critical temperature TC and the critical pressure PC is called supercritical fluid. For example, the critical 
points of a carbon dioxide are TC=31.0 degree C and PC=7.38MPa, and the carbon dioxide which exists 
above this temperature and a pressure is called a supercritical carbon dioxide. 

[0035] The property of a solvent is governed by the interaction between molecules and depends for the 
magnitude in intermolecular distance strongly. Therefore, in the liquid solvent from which a consistency 
seldom changes, intermolecular distance hardly changes. On the other hand, by the fluid of a 
supercritical condition, the consistency can be continuously changed from the low consistency condition 
near a gas to the high density condition near a liquid. Since the solvent power of the matter is dependent 
on a consistency, this shows that solvent power can be fluctuated with consistency change by the fluid 
of a supercritical condition. Moreover, since the consistency of the fluid of a supercritical condition 
changes with temperature and pressures, it can control solubility by controlling the temperature of the 
fluid of a supercritical condition, and a pressure. The property of the high diffusion coefficient of the 
fluid of a supercritical condition and hypoviscosity excels [ physical properties / other ] in the field of 
mass transfer. 

[0036] Next, it explains, referring to drawing 3 about the membrane formation approach using the 
membrane formation equipment shown in drawing 1 . Drawing 3 is a graph which shows the 
temperature in the membrane formation chamber of the membrane formation equipment shown in 
drawing 1 in a membrane formation process, and the relation of time amount. 

[0037] This membrane formation approach is one of the thin film forming methods under application of 
pressure, atmospheric pressure, or reduced pressure. Here, a carbon dioxide with sufficient affinity with 
a membrane formation raw material is used that it is comparatively easy to acquire a supercritical 
condition as supercritical fluid. However, it is also possible for supercritical fluid not to be limited to a 
carbon dioxide and to use other supercritical fluid (for example, water etc.). Since the advantage of 
using the fluid of a supercritical condition has the high diffusion coefficient, it is a point of being easy to 
spray since [ with a sufficient membrane formation raw material ] penetration and viscosity are low. 
[0038] First, the substrate 3 shown in drawing 1 is laid and held in the substrate electrode holder 2. 
Temperature of the substrate 3 in this case is made into a room temperature, subsequently, the bulbs 16, 
17, 18, 19, and 20 - closing, a bulb 15, and a pressure regulating valve 14 ~ opening - a vacuum pump 
6 — the membrane formation chamber 1, siphon tubes 31, 32, and 39, and a mixer 7 — vacuum suction 
of each interior is carried out. Under the present circumstances, internal pressure, such as the membrane 
formation chamber 1, is adjusted, and the interior, such as the membrane formation chamber 1, is made 
a predetermined pressure by the pressure regulating valve 14. 

[0039] Subsequently, closing and bulbs 16 and 17 are opened for a bulb 15. The inside of the alcoholic 
container 8 is pressurized by Ar gas introduced through piping 35 from Ar bomb, and the alcohol (for 
example, a methanol, ethanol, or N butyl alcohol) by which control of flow was carried out with the 
massflow controller 25 is introduced in a mixer 7. The inside of MO raw material container 10 is 
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pressurized by Ar gas introduced through piping 38 from Ar bomb, and MO raw material (for example, 
Bi, La, Ti, Si, germanium) by which control of flow was carried out with the massflow controller 26 is 
introduced in a mixer 7. And MO raw material is mixed with alcohol in a mixer 7. In addition, it is 
because MO raw materials, such as La which is hard to treat, are used alone to mix alcohol. Moreover, 
degradation of MO raw material can be prevented by mixing MO raw material with alcohol, just before 
forming membranes. 

[0040] Subsequently, closing and a bulb 19 are opened for bulbs 16 and 17, and the carbon dioxide (the 
temperature of 31 degrees C or more, pressure of 7.38 or more MPas) of a supercritical condition is 
introduced in a mixer 7 through siphon tubes 40 and 39 from C02 bomb 1 1 . And in a mixer 7, the 
carbon dioxide, the alcohol, and MO raw material of a supercritical condition are mixed, and a raw 
material fluid is produced. Under the present circumstances, since a supercritical carbon dioxide has the 
high diffusion coefficient, MO raw material melts well. Moreover, C02 bomb 11, siphon tubes 40 and 
39, and a bulb 19 are beforehand heated in temperature of 3 1 degrees C or more with the heating means 
29, such as a field-like heater. By heating in temperature of 3 1 degrees C or more, the carbon dioxide in 
C02 bomb 1 1 becomes supercritical fluid. In addition, if the temperature and the pressures to heat are 
31 degrees C or more and 7.38 MPas or more, as mentioned above, the carbon dioxide of a supercritical 
condition can be made. It is acting as the monitor of the pressure in C02 bomb 1 1 with the pressure 
gage 23. 

[0041] Subsequently, closing and a bulb 15 are opened for a bulb 19. And the fuel spray (spray) of the 
raw material fluid in a mixer 7 is carried out on a substrate 3 from a nozzle 5 through siphon tubes 32 
and 31. Under the present circumstances, a mixer 7, siphon tubes 31 and 32, and a bulb 15 are 
beforehand heated in temperature of 3 1 degrees C or more with the heating means 28. By heating in 
temperature of 3 1 degrees C or more, it can control that a raw material fluid carries out adiabatic 
expansion. Moreover, in case the fuel spray of the raw material fluid is carried out, supersonic vibration 
is given to both a nozzle 5, or substrate both [ either or ] 2 with Sonicators 13a and 13b. Moreover, as 
for the amount of fuel spray of a raw material fluid, it is desirable to consider as 10-200microl/min 
extent. The fluid of supercritical conditions, such as a supercritical carbon dioxide, has the advantage of 
being easy to spray since viscosity is low. Thus, a thin film is formed by the front face of a substrate 3. 
[0042] Subsequently, as shown in drawing 3 , the temperature of a substrate 3 is heated at the lamp 
heater 4 to 150 degrees C, and a substrate is held for 5 minutes at this temperature. Under the present 
circumstances, it is desirable to supply the oxygen by which opened closing and a bulb 20, and was 
heated by predetermined temperature with the heating means 30, and control of flow was carried out 
with the massflow controller 27 in the bulb 15 in the membrane formation chamber 1 from an oxygen 
cylinder, and to make the pressure in the membrane formation chamber 1 into about ordinary pressure - 
9,8x1 05Pa. If the reason for heating oxygen supplies oxygen with a room temperature, since oxygen 
cannot get warm easily, the temperature on the front face of a substrate will fall and a property with a 
good thin film will no longer be acquired, it is for controlling that the temperature on the front face of a 
substrate falls. 

[0043] In addition, RTA (rapid thermal annealing) performs temperature up of a substrate 3 rapidly. 
Thus, the alcohol contained in the raw material fluid on the front face of a substrate 3 can be evaporated. 
When the fluid containing a raw material deposits the reason for mixing alcohol in MO raw material on 
a substrate front face, it is because alcohol evaporates promptly, a superfluous solvent is removed, there 
is no porous part and the good thin film of step coverage nature is obtained. Moreover, although the 
membrane formation raw material which alcohol was made to mix is used, it is not necessary to 
necessarily mix to alcohol, and when using the membrane formation raw material which is not mixed to 
alcohol, the process which evaporates alcohol becomes unnecessary here. As a membrane formation raw 
material which is not mixed to alcohol, TEOS (tetraethyl orthochromatic silicate; tetraethylorthosilicate) 
etc. is mentioned, for example. In addition, since the thickness of the thin film applied by carrying out 
the spray of the mixture (raw material fluid) of a membrane formation raw material once is restricted, 
according to the thickness which needs the thin film which forms membranes, the spray process of the 
above-mentioned mixture and the heating process of a substrate may be repeated two or more times. 
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Moreover, if it is the temperature which is extent which can evaporate alcohol, it is also possible for the 
heating temperature and heating time of a substrate not to be limited in 150 degrees C and 5 minutes, 
and to use other heating temperature and other heating time. 

[0044] Next, RTA heating of the temperature of a substrate 3 is carried out at the lamp heater 4 to 400 
degrees C, and a substrate 3 is held for 5 minutes at this temperature. Thereby, the thin film which 
formed membranes to the substrate is crystallized. As mentioned above, when the reason which can be 
crystallized at about 400-degree C low temperature sprays a raw material fluid, it is because supersonic 
vibration is given to either even if there are few nozzles 5 or substrate electrode holders 2. Moreover, 
after replacing with supersonic vibration and spraying a raw material fluid, it is also possible to irradiate 
ultraviolet rays or soft X ray at a thin film, and it becomes possible to crystallize at about 400-degree C 
low temperature also by it. Moreover, if soft X ray is irradiated, when spraying a raw material fluid on a 
substrate, it can serve also as the role of the destaticization generated on a substrate front face. 
[0045] Subsequently, RTA heating of the temperature of a substrate 3 is carried out at the lamp heater 4 
to 600 degrees C, and a substrate 3 is held for 10 minutes at this temperature. Subsequently, the 
temperature of a substrate 3 is reduced to a room temperature. Thus, a thin film is formed on the front 
face of a substrate 3. In addition, the temperature and time amount which heat-treat a substrate can be 
variously changed into suitable temperature and time amount suitably according to a class, a membrane 
formation raw material, etc. of a thin film which are not limited in 400 degrees C and 5 minutes and to 
in 600 degrees C and 10 minutes, and form membranes. 

[0046] Next, the membrane formation approach under application of pressure is explained. In addition, 
explanation of the same part as the membrane formation approach under the reduced pressure mentioned 
above is omitted. 

[0047] First, a substrate 3 is laid and held in the substrate electrode holder 2. Temperature of the 
substrate 3 in this case is made into a room temperature, subsequently, the bulbs 16, 17, 19, and 20 - 
closing, bulbs 15 and 18, and a pressure regulating valve 14 - opening ~ a nitrogen gas cylinder to 
nitrogen gas - the membrane formation chamber 1, siphon tubes 31, 32, and 39, and a mixer 7 - it 
introduces into each interior and a nitrogen purge is carried out. Subsequently, a pressure regulating 
valve 14 is closed and internal pressure, such as the membrane formation chamber 1, is pressurized to a 
predetermined pressure. 

[0048] Subsequently, MO raw material is mixed with alcohol in a mixer 7 by the membrane formation 
approach under the reduced pressure mentioned above, and the same approach. After this, the fuel spray 
of the raw material fluid is carried out on a substrate through the same process as said membrane 
formation approach, and a thin film is formed on a substrate. Thus, since a raw material fluid is sprayed 
on a substrate under application of pressure, it can control that a raw material fluid carries out adiabatic 
expansion in the case of the fuel spray. 

[0049] Next, the case where replaced with the carbon dioxide of a supercritical condition in the 
membrane formation approach under reduced pressure, and the carbon dioxide of a liquid is used is 
explained. In addition, explanation of the same part as the membrane formation approach under the 
reduced pressure mentioned above is omitted. 

[0050] In case a raw material fluid is created within a mixer 7, liquid carbon dioxide (for example, 20 
degrees C, 5.733MPa) is introduced in a mixer. In order to introduce liquid carbon dioxide, it replaces 
with the heating means 28 and 29, and a temperature-control device is arranged. The temperature- 
control device adjusts beforehand C02 bomb 11, siphon tubes 40 and 39, and a bulb 19 to the 
temperature of 20 degrees C. Thereby, the carbon dioxide in C02 bomb 1 1 becomes a liquid. In 
addition, it is also possible for the temperature and the pressure of liquid carbon dioxide not to be 
limited to 20 degrees C and 5.733MPa(s), and to use the liquid carbon dioxide of other conditions. 
[0051] Moreover, in case a raw material fluid is sprayed on a substrate, the temperature-control device 
adjusts beforehand a mixer 7, siphon tubes 31 and 32, and a bulb 15 to the temperature of 20 degrees C. 
Said membrane formation approach and the same approach should just be used for others. 
[0052] According to the gestalt of implementation of the above 1st, a thin film can be formed on a 
substrate by spraying the raw material fluid which mixed the membrane formation raw material to the 
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carbon dioxide of the fluid of a supercritical condition, or a liquid on a substrate front face. 
[0053] Moreover, with the gestalt of this operation, in order to mix MO raw material with alcohol just 
before membrane formation, it becomes possible to form MO raw material to a substrate, without 
producing hydrolysis. As alcohol used here, low-molecular-weight alcohol is desirable, when a raw 
material fluid accumulates on a substrate front face by using this, alcohol evaporates promptly, a 
superfluous solvent is removed and the good thin film of step coverage nature can be obtained. 
Moreover, by adjusting the amount of mixing of low-molecular- weight alcohol, the amount of solvents 
removed can be controlled and it becomes possible to control the thickness of a thin film easily. 
[0054] Moreover, with the gestalt of this operation, since it has the sonicator 13, in case the mixture of a 
membrane formation raw material is sprayed from a nozzle 5, supersonic vibration can be given to a 
nozzle 5. Supply of the membrane formation raw material which could prevent getting a membrane 
formation raw material blocked in a nozzle 5 by this, consequently was stabilized is attained. 
[0055] Moreover, with the gestalt of this operation, since it has the sonicator 13, in case the mixture of a 
membrane formation raw material is sprayed from a nozzle 5, supersonic vibration can be given to a 
substrate 3 by giving supersonic vibration to the substrate electrode holder 2. By this, it is possible to 
make it crystallize at low temperature, the stable crystal growth on the front face of a substrate becomes 
possible, and a thin film with a sufficient property can be formed. That is, it becomes possible by giving 
supersonic vibration to make it crystallize at 400 degrees C. 

[0056] Drawing 4 is the block diagram of the membrane formation equipment in which the modification 
over the gestalt of operation of the 1st of this invention is shown. This modification divides on a 
substrate the chamber which forms a thin film, and the chamber which crystallizes a thin film. 
[0057] As shown in drawing 4 , membrane formation equipment has the conveyance room 51, the 
anteroom 53, the crystallization room 54, the washing room 55, and the membrane formation room 56. 
The carrier robot 52 which conveys a substrate to each ** is stationed at the conveyance room 51. 
[0058] The nozzle 68 for spraying the raw material fluid which mixed the condensation polymerization 
object (membrane formation raw material) and alcohol which consist of a metallic-oxide configuration 
element made into the formation object, and the fluid (supercritical fluid) of a supercritical condition 
above the substrate electrode holder 63 in the membrane formation room 56 is arranged. This nozzle 68 
is connected to supercritical fluid 74 and a pressure regulating valve 76 equipped with the mixer 71, MO 
raw material container 72, the alcoholic container 73, and the heating incubation device 75. Since it is 
the same as that of the case of the gestalt of said 1st operation almost as a device which supplies a raw 
material fluid to a nozzle 68, explanation is omitted. 

[0059] The soft-X-ray unit (ESD) which irradiates soft X ray at the substrate held at the substrate 
electrode holder 63 is arranged at the membrane formation room 56. The substrate electrode holder is 
arranged in the anteroom 53. 

[0060] The substrate electrode holder 62 is arranged in the washing room 55, and the heating heater 58 
is arranged above this substrate electrode holder 62. The substrate electrode holder 62 is connected to 
the rolling mechanism 64 which rotates this electrode holder. Moreover, the substrate electrode holder is 
connected to the ultrasonic unit 65 which impresses a supersonic wave to this electrode holder. 
Moreover, the washing nozzle 66 which washes in alcohol the substrate held at the substrate electrode 
holder is arranged at the washing room 55. This washing nozzle 66 moves like an arrow head, and has 
come to be able to carry out the regurgitation of the alcohol to the whole substrate table rear face from 
the washing nozzle 66. 

[0061] The substrate electrode holder 61 is arranged in the crystallization room 54, and the heating 
heater 57 is arranged at the upper and lower sides of this substrate electrode holder 61. Moreover, the 
device which supplies oxygen to this interior of a room is connected to the crystallization room 54. This 
device has the heating device 59 and heats the oxygen to supply. 

[0062] the conveyance room 51, an anteroom 53, the crystallization room 54, the washing room 55, and 
the membrane formation room 56 - respectively - being alike - the vacuum pump (not shown) which 
carries out vacuum suction of the interior is connected. 

[0063] Next, the membrane formation approach using the membrane formation equipment shown in 
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drawing 4 is explained. First, a substrate is laid in the substrate electrode holder in an anteroom 53, and 
the preliminary exhaust air of the inside of an anteroom 53 is carried out with a vacuum pump. 
Subsequently, a substrate is conveyed in the membrane formation room 56 from the inside of an 
anteroom 53 with the carrier robot 52 in the conveyance room 51, and a substrate is held on the substrate 
electrode holder 63 in the membrane formation room 56. 

[0064] Subsequently, membranes are formed by spraying a raw material fluid on the substrate front face 
in the membrane formation room 56. It assists by turning soft X ray to a substrate with the soft-X-ray 
unit 67, and irradiating during this membrane formation. Moreover, the procedure of the fuel spray is the 
same as that of the case of the gestalt of said 1st operation almost. Moreover, although soft X ray is used 
as assistance under membrane formation here, it is also possible to use the assistance by ultraviolet rays 
and the assistance by supersonic vibration like the gestalt of said 1st operation. 
[0065] Subsequently, a substrate is conveyed in the washing room 55 from the inside of the membrane 
formation room 56 with the carrier robot 52 in the conveyance room 51, and a substrate is held on the 
substrate electrode holder 62 in the washing room 55. Subsequently, alcohol is breathed out at the 
substrate table rear face by the washing nozzle 66, and a substrate is washed. In addition, when making a 
thin film into a multilayer, it heat-treats at 150 degrees C at the heating heater 58 here for cellular 
clearance. 

[0066] Subsequently, a substrate is conveyed in the crystallization room 54 from the inside of the 
washing room 55 with the carrier robot 52 in the conveyance room 5 1 , and a substrate is held on the 
substrate electrode holder 61 in the crystallization room 54. Subsequently, the temperature of a substrate 
is heated at the heating heater 57 to 400 degrees C, and a substrate is held for 5 minutes at this 
temperature. Subsequently, the temperature of a substrate is heated at the heating heater 57 to 600 
degrees C, and a substrate is held for 10 minutes at this temperature. Thereby, the carbon of MO raw 
material is removed and the thin film which formed membranes to the substrate is crystallized. In 
addition, in the crystallization room 54, the oxygen heated according to the heating device 59 is supplied 
if needed. Moreover, when thick- film-izing a thin film, the membrane formation processing mentioned 
above until it reached desired thickness is repeated. 

[0067] Also in the above-mentioned modification, the same effectiveness as the gestalt of the 1st 
operation can be acquired. 

[0068] Drawing 5 is the block diagram of the membrane formation equipment in which other 
modifications over the gestalt of operation of the 1st of this invention are shown. Other modifications 
divide on a substrate the chamber which forms a thin film, and the chamber which crystallizes a thin 
film. 

[0069] As shown in drawing 5 , membrane formation equipment has the conveyance room 81, the 
anteroom 83, the crystallization room 84, the washing room 85, and the membrane formation room 86. 
A different point from the membrane formation equipment shown in drawing 4 is mainly arrangement of 
each **. 

[0070] The carrier robot 82 and nozzle 98 which are shown in drawing 5 , the soft-X-ray unit (ESD) 97, 
the substrate electrode holders 91 and 92, the heating heaters 87 and 88, a rolling mechanism 94, the 
ultrasonic unit 95, and the washing nozzle 96 are the same as the carrier robot 52 and nozzle 68 which 
are shown in drawing 4 , the soft-X-ray unit (ESD) 67, the substrate electrode holders 61 and 62, the 
heating heaters 57 and 58, a rolling mechanism 64, the ultrasonic unit 65, and the washing nozzle 66. 
[0071] The nozzle 98 for spraying the raw material fluid which mixed the condensation polymerization 
object (membrane formation raw material) and alcohol which consist of a metallic-oxide configuration 
element made into the formation object, and the fluid (supercritical fluid) of a supercritical condition 
above the substrate electrode holder 83 in the membrane formation room 86 is arranged. This nozzle 98 
is connected to supercritical fluid and a pressure regulating valve equipped with the mixer, MO raw 
material container, the alcoholic container, and the heating incubation device like said modification. As 
a device which supplies a raw material fluid to a nozzle 98, it is the same as that of said modification 
almost. 

[0072] Moreover, since the membrane formation approach using the membrane formation equipment 
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shown in drawing 5 is the same as the membrane formation approach by said modification almost, 
explanation is omitted. 

[0073] Also in a modification besides the above, the same effectiveness as the gestalt of the 1st 
operation can be acquired. 

[0074] In addition, it is possible for this invention not to be limited to the gestalt of the above-mentioned 
implementation, but to change variously, and to carry out. For example, it is possible to use it, changing 
various raw materials which fitted the thin film which forms membranes as a membrane formation raw 
material. Moreover, since the smaller one is desirable, the volume of a membrane formation chamber 
can also use the membrane formation chamber of the small volume. When the reason nil why the small 
membrane formation chamber of the volume is desirable sprays from a nozzle the supercritical fluid 
which is as follows, the adiabatic expansion of a raw material fluid becomes large, so that the volume of 
a membrane formation chamber is large, and, thereby, the temperature of a raw material fluid falls. 
When this temperature lowering is large, the raw material fluid by which the fuel spray was carried out 
will solidify. Even if the solidified raw material adheres to a substrate, it does not become the good film. 
Therefore, temperature lowering of the raw material fluid by adiabatic expansion can be effectively 
controlled by making the volume of a membrane formation chamber small. 

[0075] It divides into the substrate hold section which holds the substrate electrode holder which held 
the substrate for the membrane formation chamber as an example of the membrane formation chamber 
of the small volume, and the path which is tied to this substrate hold section and supplies a raw material 
fluid to a substrate and the becoming path hold section, and this path hold section is formed in the small 
volume as much as possible. Since all substrate front faces cannot be formed by package when the field 
which the path hold section and the substrate hold section are mutually connected inside, and connects 
these is smaller than a substrate front face, it is desirable to form the whole eventually by forming a thin 
film, establishing the substrate rolling mechanism which rotates a substrate and rotating a substrate. It is 
possible to raise thickness distribution by optimizing the physical relationship of the location of a nozzle 
and the medial axis of a substrate revolution. 

[0076] Next, the gestalt of the 2nd operation concerning this invention is explained. The condensation 
polymerization object for ferroelectric thin film formation is explained here. In order to form oxide thin 
films, such as a ferroelectric, generally, the so-called sol gel solution which dissolved a metal alkoxide, 
an organic-acid salt, mineral salt, etc. in organic solvents, such as alcohol, is used. However, in almost 
all cases, a metal alkoxide is used if it restricts to semi-conductor processes. The metal alkoxide has 
fixed vapor pressure and is because a high grade article can be easily obtained by passing through a 
heating reflux (distillation) process. And it dissolves in organic solvents, such as alcohol, easily, and a 
metal alkoxide reacts with water, constitutes hydroxylation gel or the letter of precipitate, and produces 
a metallic oxide according to the baking process in the inside of an oxidizing atmosphere. 
[0077] Semimetals, such as Si, are included as a metallic element which forms the metal alkoxide as 
used in the field of this invention here. Alkali metal: K, Li, Na, alkaline-earth-metal :Ba, calcium, Mg 
and Sr, III group: aluminum, B and In, IV group: Si, germanium, Sn, V group :P Sb, Bi, transition- 
element^, Ti, Zr, Nb, Ta, V and W, a lanthanoids: La, Ce, and Nd are shown. 

[0078] Next, Si is explained to an example for the advantage at the time of using a metal alkoxide for a 
start raw material. As shown in drawing 6 , "n= molecule length (magnitude) 11 is controllable by 
controlling condensation polymerization by partial hydrolysis. That is, the condensation polymerization 
reaction of the metal alkoxide itself is controllable by adding the water of a known amount. 
[0079] That is, the membrane formation equipment by this invention can use as a raw material solution 
what carried out the full dissolution of the condensation polymerization reactant of the metal alkoxide 
formed by using the water of a metal alkoxide and a known amount into supercritical fluid, and a thin 
film can be obtained by applying to a substrate at this raw material solution creation and coincidence. 
The alkoxide of Pb, Zr, and Ti instead of this Si by and the thing to do for mixed condensation 
polymerization (partial hydrolysis) Pb(Zr, Ti) 03 [ so-called ] which each element combined through the 
oxygen atom (PZT) The condensation polymerization object for ferroelectric formation is acquired. 
What carried out the full dissolution of this condensation polymerization object into supercritical fluid 
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can be used as a raw material solution, and a PZT ferroelectric thin film can be obtained by applying to a 
substrate at this raw material solution creation and coincidence. 

[0080] Next, the PZT condensation polymerization object production approach used by this invention is 
described. In the gestalt of this operation The system of a metal alkoxide and a carboxylic-acid metal 
salt, As a start raw material of Pb (lead), namely, lead acetate (CH3C 02) (2Pband3H20), Zirconium 
tetra~n-butoxide (CH3(CH2) 30) (4Zr) is taken up and explained as a start raw material of Ti (titanium) 
as titanium tetraisopropoxide (CH3) (2CHO) (4Ti) and a start raw material of Zr (zirconium). 
[0081] Since it is the point to adjust the polymerization degree of a hydrolysis polycondensation object 
by adding the adjusted water of an amount as mentioned above, 3H20 in 2(CH3C 02) Pb and 3H20 
which exists as water of crystallization is unnecessary. Then (CH3C 02), the water in 2Pb and 3H20 is 
removed, i.e., heating reflux was carried out with CH30(CH2)20H, and water was made to distill with 
azeotropy with a solvent. The chemical structure of the viscous liquid obtained by distilling off is 
CH3C02PbO(CH2) 20CH3andXH20 (X< 0.5) to which one of the acetate (CH3C02-) of 2(CH3C 02) 
Pb and 3H20 replaced the 2-methoxyethoxy radical (CH30(CH2)20-). An acetic acid (CH3C02H) and 
its ester (CH3C02(CH2)20CH3 and water (H20)) of an acetic acid and CH30(CH2)20H arise in the 
case of this substitution reaction. 
[0082] 

(CH3C 02) 2Pb and 3H2 0+CH30(CH2)20H -> CH3C02PbO(CH2)20CH3 and XH20 (X< 0.5) 
[0083] Next, when the alcoholic following exchange reaction occurs and a solvent does not exist in 
CH30(CH2)20H by melting 4(2(CH3) CHO) Ti, it exists by 1.4 ****. (CH3) As for 4Ti, apart or all of 
the isopropoxy group (CH3) (2CHO-) replaces a 2-methoxyethoxy radical (2CHO). 
[0084] 

(CH3) 4 Ti+nCH30(CH2)20H -> 4(2(CH3) CHO)-nTi(0(CH2)20CH3) n (2CHO) (n=l-4) 
[0085] Next, also when dissolving 4(CH3(CH2) 30) Zr in CH30(CH2)20H, the same alcoholic 
exchange reaction arises. 

(CH3(CH2) 30) 4Zr + nCH30(CH2)20H ->(CH3(CH2) 30) 4-nZr(0(CH2)20CH3) n (n=l-4) 
[0086] The gel which mixed these 3 liquid is enclosed with the raw material container 1 of the thin film 
deposition system by this invention. Furthermore, by adding water [ finishing / the location survey in the 
raw material container 2 ] to this molecule, hydrolysis is controlled, it is the condensation 
polymerization object for PZT ferroelectric thin film formation which was used as the bigger molecule, 
and the following polymers exist in a solution. 
[0087] 
[Formula 1] 

RC^Ti^O - O - - OR 

"/\ I 
OR OR OR 

RO^Zr^O-O-ib-OR 

OR OR OR 
Ro\i^O-0- Jb -OR 
/ \ I 

[0088] Moreover, after mixing with soluble high supercritical fluid the solution which performed 
viscosity control for the above-mentioned condensation polymerization object gel for PZT ferroelectric 
thin film formation by the methanol or ethanol, the amorphous thin film of a PZT ferroelectric can be 
formed by applying on a substrate. A desired PZT ferroelectric thin film is formed by carrying out 
heating crystallization of this in an oxidizing atmosphere. 
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[0089] With the gestalt of this operation, after mixing C02 of the above-mentioned condensation 
polymerization object for ferroelectric thin film formation, a methanol, and a supercritical condition by 
1:1:1 and applying on a Pt coat Si substrate, when temporary baking was performed in 400-degree-C 
atmospheric air, PZT amorphous ****** of the 5nm thickness was carried out. 
[0090] After repeating the above-mentioned process 14 times, it crystallized at 600 degrees C in the 
oxygen ambient atmosphere, and the PZT thin film of 70nm thickness was formed. Then, after carrying 
out vacuum evaporationo formation of diameter lOOmicrometerphi and the up Pt electrode with a 
thickness of lOOnm in the PZT upper part, it is drawing 7 (a) which evaluated strong dielectric 
characteristics. 

[0091] Thin film formation was performed using the raw material solution which mixed C02 of a SBT 
condensation polymerization object, ethanol, and a supercritical condition by 1:1:1 similarly. The strong 
dielectric characteristics at this time are drawing 7 (b). 
[0092] 

[Effect of the Invention] As explained above, according to this invention, the membrane formation 
equipment and the membrane formation approach of forming a thin film using the raw material fluid 
which mixed the membrane formation raw material into the fluid or liquid of a supercritical condition 
can be offered. 



[Translation done.] 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The substrate electrode holder which is membrane formation equipment which supplies the 
raw material fluid which mixed the carbon dioxide of the condensation polymerization object, the 
alcohol and the fluid of a supercritical condition which consist of a metallic-oxide configuration element 
made into the formation object, or a liquid, and carries out thin film formation, and holds a substrate, 
Membrane formation equipment characterized by providing the membrane formation chamber which 
holds this substrate electrode holder, the feeder style which supplies the above-mentioned raw material 
fluid to a substrate front face, and the heating apparatus which heats the substrate held at the above- 
mentioned substrate electrode holder. 

[Claim 2] The water of the known amount for carrying out partial hydrolysis of the metal alkoxide 
which consists of a metallic-oxide configuration element for the purpose of formation, and its metal 
alkoxide, The substrate electrode holder which is membrane formation equipment which supplies the 
raw material fluid which mixed the fluid of alcohol and a supercritical condition, and carries out thin 
film formation, and holds a substrate, Membrane formation equipment characterized by providing the 
membrane formation chamber which holds this substrate electrode holder, the feeder style which 
supplies the above-mentioned raw material fluid to a substrate front face, and the heating apparatus 
which heats the substrate held at the above-mentioned substrate electrode holder. 
[Claim 3] The above-mentioned membrane formation chamber is membrane formation equipment 
according to claim 1 or 2 characterized by consisting of the substrate hold section which holds the 
substrate electrode holder holding a substrate, and the path hold section used as the path which is tied to 
this substrate hold section and supplies a raw material fluid to a substrate. 

[Claim 4] Membrane formation equipment according to claim 3 characterized by including further the 
rolling mechanism which rotates the above-mentioned substrate electrode holder. 
[Claim 5] It is membrane formation equipment given in any 1 term among claims 1-4 characterized by 
including further the sonicator which gives supersonic vibration to either [ at least ] the above- 
mentioned feeder style or a substrate electrode holder. 

[Claim 6] It is membrane formation equipment given in any 1 term among claims 1-4 characterized by 
including further the soft-X-ray irradiation equipment which irradiates the black light which irradiates 
ultraviolet rays, or soft X ray in the substrate held at the above-mentioned substrate electrode holder. 
[Claim 7] The fluid container with which, as for the above-mentioned feeder style, the carbon dioxide of 
the fluid of a supercritical condition or a liquid was contained, The membrane formation raw material 
container with which the membrane formation raw material was contained, and the alcoholic container 
with which alcohol was held, The mixer which is a mixer connected to this fluid container, this 
membrane formation raw material container, and this each of alcoholic container, mixes the above- 
mentioned carbon dioxide, a membrane formation raw material, and alcohol, and forms a raw material 
fluid, It is membrane formation equipment given in any 1 term among claims 1-6 characterized by being 
the nozzle connected to this mixer and being what has the nozzle which is arranged in a membrane 
formation chamber and sprays a raw material fluid. 
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[Claim 8] The fluid container with which, as for the above-mentioned feeder style, the carbon dioxide of 
the fluid of a supercritical condition or a liquid was contained, The membrane formation raw material 
container 1 with which the metal alkoxide as a membrane formation raw material was contained, The 
membrane formation raw material container 2 with which the water of the known amount for carrying 
out partial hydrolysis of the metal alkoxide was contained, The alcoholic container with which alcohol 
was held, and the mixer connected to this fluid container, this membrane formation raw material 
container 1, this membrane formation raw material container 2, and this each of alcoholic container, It is 
membrane formation equipment given in any 1 term among claims 1-6 characterized by being the nozzle 
connected to this mixer and being what has the nozzle which is arranged in a membrane formation 
chamber and sprays a membrane formation raw material. 

[Claim 9] It is membrane formation equipment given in any 1 term among claims 1-8 characterized by 
the above-mentioned alcohol being a methanol or ethanol. 

[Claim 10] By the process which is the membrane formation approach which forms a thin film using 
membrane formation equipment according to claim 1, and holds a substrate in a substrate electrode 
holder, and the feeder style With the process which forms a thin film on a substrate by mixing alcohol 
with a condensation polymerization object, mixing the carbon dioxide of this mixture, the fluid of a 
supercritical condition, or a liquid, forming a raw material fluid, and supplying this raw material fluid to 
a substrate front face, and heating apparatus The membrane formation approach characterized by 
providing the process which heat-treats to a substrate. 

[Claim 11] The membrane formation approach according to claim 10 characterized by spraying the 
above-mentioned raw material fluid, giving supersonic vibration to either [ at least ] a nozzle or a 
substrate electrode holder in the process which forms the above-mentioned thin film. 
[Claim 12] The membrane formation approach according to claim 10 characterized by including further 
the process which irradiates ultraviolet rays or soft X ray at a thin film between the process which forms 
the above-mentioned thin film, and the process which performs the above-mentioned heat-treatment. 
[Claim 13] The process which performs the above-mentioned heat-treatment is the membrane- formation 
approach given in any 1 term among claims 10-12 characterized by to be what has the process which the 
temperature of a substrate is heated [ process ] to the 1st temperature and evaporates the alcohol on a 
substrate, the process which heats the temperature of a substrate to the 2nd temperature higher than the 
1st temperature, and the process which heats the temperature of a substrate to the 3rd temperature higher 
than the 2nd temperature. 



[Translation done.] 
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te?zz£-cmR±\zmm*:f$mT zoc.mii, 

)URvmi*}vr—<D&i£<£b—%\zm&mm& j §- 
zte&<b±mmmm&&mm-rz>z£*<tm£-rzm& 
m 1 0 fcga«©«ffl«rjs. 

cis*^ 1 2 ] ±mmmzm&?zjim£±ffitomii 

SftSE-rxii^coHic. ^tmiSXtt»:X«aft«aSt 

30 1 3 ] ±ffiua$mm&tfcrxmi&. wrou 

1 SS*-r-ipiSftb-rs«±fflr;i/=i— ;uft^^ 
■a-sxah, s«cDSSE*^issi»3iisv^2as* 
T-infv-r*xgi: N »R©fi&£!ii2i&g«fc!?s!5<,>ffi3 

asii-rsH^ffli o~i z<Do%^-r*\ipimwm(Of8. 

[0 0 0 1] 
[0 0 0 2] 

tz^=mihmm^m^m^(OE.ti\c^x, m^nm.® 
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[0 0 0 3] 

tfc**»£*J£ftT^*#> «K#:08fbjSSi?it&if©fflK 

[0 0 0 4] ££>c, ^t:>3— b«ss!T?ftiiaWb«» 

)v^-)^m^umx'&i>m.mtm^\.-c^ j jt.\\r> 20 
[0005] *ftwi±±m<D£.ot£mm&mi&^Tte£ 

[0 0 0 6] 

&LxmmMi&-rzmmwx-$>-ix, mutmz-rz 
WEcfcfr*-^ ^©at**^— *jR«r*BUi^-v 

[0 0 0 7] JjafiBK«E«fc«fcn«, JSBUMttBcDtti* 

— 3 v > tt^ # y — ifco n — ;i/£fl§ v> t * , 
^l£<b^^^b#igC *P^T, J¥3B 

;u£i£&£bT^3 3£#W;5|s£fc«\ jfcf£&<z>i$M 50 



[0008] *^wn«5fiaK^ett> Wtmmmv&m 

[0 0 0 9] *»Wfc«ajfflR*Mfc*^Tv ± 

[0 0 10] **Mfc«R*rtBB6«C*V^T» ± 

[0 0 11] **Wfc«*fl«GBBK:*5t^Ttt, 

*®&sgB£«H*<* & £^t?^ t & wig 

[0 0 1 2] **Wfc««fiSI«M«fc*lr^T, ± 

[0 0 13] Sfe, *»B8fc:«*iaiBl«BC:4$v^T, M 

[0 0 14] **Wfc«*Ja■B(!■fc:«V^Ttt^ 

±§B^<^«&aei9S'r^^i<3!)asiaii«fe«h> ± 

[0 0 15] 
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z commits >n-mzwm$ixtz, 
fesfaztom-tzmmmmt, zmffi-rzzt&iemt 10 
[0016] *&wiz&& utm^m*. m#m i iztem 

fcZB)& U Z(DMmm.te&gmmmiZ&1l£;T2> ZbX- 

&m±izmm*f8.m?2>T.mh. uammwiz&^ &m 
izijamwmzn-rx&t, itmm-tz zt^mmt-t 

20 

[0017] g-fc, Kmmz&zmm-xmz&^-c^ 
t£<tb-mzM^mm*^tttitt>±mmmffi.&* 

[ooi8] ±smm^mzm%i£, mmmmnm®. 
\zfmm.n*m& l tzmmma-* ; X)vfrt>mm.mm\z 
mm-rzztiz&t), mt±izmm*f&m-r2>z£&x- 

izM^mmz-^z-zt, ; X)vmzsmmm&m-?x 

*mw>Tzm, &fo*)i"? h -i,zmnmmm* j i-z.2>b, 
&foizM^Mmti ij 3-%.t>tx, &mmmx-(D^Ltz^ 

[0019] *ftwiz&2>Bmi5mz&^T&, 

#tfCfc*)pJIET-feS. cnCiDv i®l!g|£{g?&T-l6S,fl 
[0 0 2 0] *«Wfc«*JSttK»a5C»V>T, ± 

mmm!im*m?i.m&, ms.a>um^mimt^x-m 

l©iBfi#Wt«l 5 0*CI&gT?fctK $g2ffli&g##ij 

o o-csKT-fct), &3©as#m«6 o o-c 

[0 0 2 1] 50 
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[0 0 2 2] d©J5KM^g«jecm^^ 1 *«f|*.T 

1 rtfc*»*aME*^— 2 ©T»fcH^«HB«fc UT 
CD^VXt: — # 4#SE^£*lTU3o CO^VXfc— <$? 

^K^;i/^-2c?)ffi^T*fetitfs ffecDffiWc^vrt— 
* 4 ^gag-r * c ^ * pit6T*fc * o 

[0 0 2 3] fiKM^-VW'?— lF«3t*$»S»R3^ 

-r * fe #><z> y x;i/ 5 mmz tix v ^ « . 

[ 0 0 2 4 ] V X;i/ 5 t3fcfcjS^Sg8£§ga 13b fiq&R 
$tixuz>o :©St$Miti3bf:J:otyx;i/ 
5 £jg#i83Sl&<£#£ £ d £ £ <t b . > X;b 5 rtfc/sRJffi 

w&frfrir—i latm^mm^mm i 3 a^^nt 

C©a#ifi«^S«l 3a^J:5aHE3fcjB*iR 

iztez. tjt^ m^^m^ms 1 3 a, 13 b&®#* 
mx$>2>o 

[0 0 2 5] nm?-* 1 waflE*fBi# 1 4 

^K^>X6 C J; DfiRK^-v 1 

TV>^ 0 MftVM- 1 fctt^wr 1 8&^b 

[0 0 2 6] MftW^li:liA>72 0, 

V^7D-3>fD-7 (MFC) 2 7*^UTK3R# 

D-3>hn-72 7STO72 0l:B N cixfeftip 
«t-r«jp*^S3 04S8(t)f^»^>^^Tv^*• ^ur, v 

g:3 0 iz&^Tmmztitmmtfx&mmx>^fr%!& 

[0027] yx;i/5ttit>r 7*>W3 lS^UTW 
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B3 2ft^bTia^»7(C»«*nTV>*. «6»7, 

*am¥S (^issims) 2 8*^t>mt&ftT^ 

[0 0 2 8] I^S7ttKfft^Ut^7 1 6 £&ft 

p-3>hD-7 (MFC) 2 5t:g^nt^^o d 

nfc^l/n— ;i/«8& 8 ICES 34^ LTffllte*nT^ 
3o ;i/«»8ttAr*rx*«JRS**xfcAr 

[0 0 2 9] 16«7ttBi*^l/twri7 
£S^£ftT:fc?K CCD/^17tttS3 8t^U 
7^7D-P>hD-7 (MFC) 2 6C&tt£iXTVt 
*o e0?^7P-3>hD-72 6HU tfcJBDPJft- (M 
; metal organicJ©#4) #iR^£ftfcMOJgC#4^ 
SI 0lcBaS3 7*^LTStt*nTV^ 0 CCDMOJg 
fig^l 0ttAr*r^tfJRS*nfeAr#>^tI2S3 
8*^UT«tt£*VC1^£o 

[0 0 3 0] ifi«7ttW7*>f3 9*^l/ 

si©co 2 ^]R^^nfeco2^>^i ikhm?*>w 

4 0£^bT^fe**lT^£o C©it>f7^>f4 0(: 

[0 0 3 1] C0 2 /K>^1 1 s tf-f 37*>«3 9, 4 
9fcttJMI(^« (M^IW) 2 9*5 

^©Ittt^(: t totC0 2 *>^l 1 £Sp$v 
[0 0 3 2] *fc x i#M3§M«©J8PgG (BB^*r) ft fit 

y^agfSfis mmw^s&u 1 3 a, 13 b©iw^ 9 

[0 0 3 3] CCT% «HH!^«©»»lcrDV^Tia2* 

[0 0 3 4] *«tctt«ttk H«MZ)=o©«ffl4J 
ft5:kllJ;<»?)ftTOS^ CCDfftt»4CD)RJB4: 
^ilSIBIWj^»«. H2lc^-r«tat:, ^fr@^ 
®HMIWT c £&1Et^UET& **£E*fiLhfc-rtx 

WKttirztstmwuwttw. mitt* 



ftft*CDBH*jttttT C =3 1. 0°C N P C =7. 38MP 
[0 0 3 5] flMUDttKUU ^IB©«EfWBC*KS 

t\ m&ifia> £ 0 *<b Ltti^ftsttt^tt^Hiraitf 

tt*T B*JK*{b£{* v^MEfc ft*iMT- 1 a c £ L 

*«■«■ * C h fc J: 6 fg0Rft ftflMTC S * £ 4: & a • 

[0 0 3 6] m 1 «c«-rfiUIBB«*ffll^fc«l»5 

*fcr3t>TBI3*#RHboo|B9jra- 0 3(4, i&jgir 

[0 0 3 7] C©fiWBD5iSHU MET, *StEETXtt« 
ETT-cD^K^^KfficD— oTfcSo :ct'(t 

30 [0 0 3 8]*f, HI fc^-raStR 3 *afi«*;i/y- 2 
titUT«a$tS 0 CCD^CD^3cDMS«^M^-r 
£<> 16, 17, 18, 19, 2 0 ftUB 

IX 5 2SkVflE*»W#l 4«HB"t\ 

refcck!)J5ttl*-lr>^-ls *>f 7*>W3 1, 3 

2, 3 92W«^»7*n^n©rtfflft*SBis-ra 0 

CCDIK, E*«^ 1 4 fciottfK^t Wt- l ft Jf 

[0 0 3 9] »CV^T^ 15^1l; N ; Wl/^ 1 6 , 

40 1 7*BHtt*o Ar^>^4»?,iaS3 5^lt#Al 

7 D-zi > h D — ^ 2 5 C ct oT«Ht*JW* 

— ;i/ (^Jx«^^y-;u, oi^y— ;uxi4N^;i/^;i/ 
3— *S^»7W^#A-rao Ar3P>^e>gae 
3 8ft^LT»AbfcAr3tf^KJ:oTMOJR3Wa«l 
Ort&iPffU, ^7P-3> 2 6(aoTl 

«»i»S*ifcMOJK»(«AttBi, La, Ti. S 
is Ge) SiB^»7i*iK:#A"rao ^bT. iS-&S7 

50 ;i/«Cfi^**Tl^C!)tt N #i*T*tt®l>tC<l^L 
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£ m ffi lz M 0 M #4 £ r ;i/ u -;i/ ^ s^^iat), 
[0 04 0] >W7 16, 1741l;> /VI/ ^ 

i sitMttx. mmm^mcD-miti^m o i*cj^±gd 

7. 3 8MPaU±0)EW ^C0 2 ^>^11 
2>>£1t-r 7t>f4 0, 3 9£MbT^S7f*]k:^A 
iT3o fits ii-£rSS 7^ic:fc^T®eS#tt^z:^b 

m-rzo z<om, mm^miti^m^m^mtm^ 10 

7*>e4 0, 3 9&$>£>frbtf>® 
>Kb-^^^Jp^ia2 9££^T3 1 °C^±tf>fijg 

2>o iP^-r^®gi:jE*^3 l-C^Lt, 7.3 8 

MPaJ^_hT-$>tl«i. BU^bfe^o^SES^aior)-^ 
{b^^^C^^T^^o C0 2 ^>^1 lrt^JE* 

[0 0 4 1] &l^T% JVVy 1 9 £Hfl b> /VI/:/ 1 5 £ 20 
M#£o LT N ^it7rtcDj®^^:«1t>r ^^>S 
3 2, 3 1 &m*oTSZ)l<5fr£>m&3±lzmM 
U-) £*l£ 0 m&M7, V-(7*><m3 1, 

3 2^t>V^l/^l 5&$>fi>frt!sb1mm^m2 8Uot. 

3 1 °cj^ ±a>^mizi}um m 4 <o 31 °cj^±6o^s^ 

t$MSI13a, 13btJ:l3yX;i/5XlilS^ 
2 cd^T *i2>>-;£& b < ttr^^^^^tt^-^ 
X.So !H^<*:CDiiaSaiix 1 0-2 0 0/zl/ 30 

minfIjg£T3£h#*?*bUo SE^-^fbJ^ft 

[0 0 4 2] mSlZTr^XolZ^ &fo3 0)U& 

£ 1 5 0 o C£X^>7t-*4\Z&*)tom\ss z&mg. 

/vi/:/ 2 0 £BflttT, inf&3M£3 0 iz & bmfe&umiz 
mmzti^x y n— > h d— ^ 2 7 J: t) 
n^^*^^>^^>^^^>/^- 1 f*j£««& 40 

U «M^^>/^l^©flE^7^®JE-9. 8xl0 5 
Pa^j^iT£Ci:##*b^o ^^DlSft-r^ll* 

^s^^^s^^^r^^^ mmi£U£*)\z<^ 
-rztztbx&Zo 

[0 0 4 3] *&3<£>#SttRTA (^fcT* Kit 

-v/br-~;i/) ^^tJ^^ff^o z.<d±oIzlx, 

3 coas±cDj®*4^^^sn^> 7^/1/ zi -jv&mm 

^C^T^So M0M3^^r;i/z:-/l/$^-r^ 50 
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S h y y /r— j* ; tetraethylorthos 

ilicate) «*s^W6n* 0 fiXM^^oig^ 
(IHJftSEf*;) * llD^ru-bTM^^n^^M^jP^ 

B^P^ttl 5 0 "C^^ 5 5t\zmfeZtlZ> 4b<DX\tt < \ fife 

[0 0 4 4] »«3CDSJg^4 0 0°C£T-5>r 

b— ^4tlctt3RTAJP^U C:cD^ST*»|R3>fe5^ 

JfibfcJ:at:|R»jft(t:*i«»ufcBRx ^X/i/5Xii»K 

S #m^i^5fe^f5:lij i> Mia 2>z.£.&x%Z>o 
[0 0 4 5] &\,^X\ Sfi30lS^6O 0'C^T*^> 
rii— ^4t:J;i)RTAJWftU -^aST*»«3^1 

o^ra^-r^o &^t% *«3 6DSjg4^s*r-<gT 
^-y-^>o ^ j; -5 br^ 3 (Dmm±izmm&Bm$ 

tiZo ^S^JKW^'TsajBtRUfKFlfflttx 4 0 

0 *C;&tf 5 £HSk 6 0 0 'CS^ 1 0 ^H^KS^^tlS * 
CDTi^<. ^T^#M©«M^fijtMS^^^/^b 

[0 0 4 6] JP£ET^©fiWI)D5*J3^V^T»Wt- 
*• ^^b\ ±^bfeMffTT*(Z)^cM^S^(iI--a5^<5D|^ 

[0 0 4 7] ««3ft«R*;i/y-2»c««bT 

Tn /Vl/^16, 17, 19, 2 0^fflb, 
5, 18M£E*«BH4tBtft, a*sK>^*»6 
a»#^ftjiKK^-vw^i % V-(y*><g3 1, 3 
2,39 S^Jg^S 7 *ft*ft«rtSB fc#A bTajR/1 
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[0048] at^-Cs m&i,tzmmTT-(Dj&m?imbm 
[0049] muz, ffis.T-e<DimiimKL}s^Tmvm 

[0 0 5 0] iS^S7rt7?M*4aEi**^J8R-rS^ 
»rtfc*i*^aflS«3ll («X«2 0X, 5. 7 3 3MP 
a) fc^A?-*. M^-^b^S^A-r^iCtt, JPf& 
fS2 8, 2 9fctt*T»SEBHil«ll*liMrta. CO 
2#>^1 1, f-'f 7;<->^4 0, 3 

ttfc 6 b feiBJSiH^afilt tfcoT 2 o -ccDragcigM 

bT*5<o CtVtCfcf), 002^^1 1F*3©— ^-fbJ^ 
ffi&igtfrC&^o fe*5, ^fc-gMbJ^ffli&gkffi^fcfc 
2 0"Ck5. 7 3 3MP a«;:Pg^;**l3*>©-efcifc<U 20 

[0051] mmm<*.*m&±izmm?2>m. m 

1^gg7, 7*>f3 1, 3 2XWWn 5 life 
*»D«)fiJg^»fftJ:oT2 O'CCDfigKIH^bT** 

[0 0 5 2] ±§B!R 1 ffl«feCDB<®(C<tn«. SESIW 

^©^xa?«<*©-^b^i-fieMJ©3(4&^bfcs 

zmm-rzzt&T'gZo 30 
[0053] sfe. ^mm^mmx-^ smmmiz-rju ~ 

c T- ffi 0 n -5 ^ — ;w k bT «<S#^ a a — ;u ifi& 

[0 0 5 4] *3eK©«aBtt?H\ jB#«0B£^B 

1 3&ffi%.T^Ztitb, yX;i/5A>£j£J^)ft©®^ 

*i«^-r«^ yx;v5tjia^jatMii)*4-^s^kAST* 
c:ntJ;!5> yx^srttfiXmj^^igoTb* 

[0 0 5 5] **Sfi©JBSiT-tt, S#?gfB^g 

1 3£fiI;tT^-5fc«>. yX;U5A»?>J5m!S!(!4ffl}l^) 
£»Sj§-f£l^ StR^y-2ti@#jS[M16*-^Aac: 



[0 0 5 6] H4 tt, $*B9§®£ 1 ©JWSOJBJBfcW-T 

[0057] S4fc:^-r«fcdts mm&m£< mm^s 

1, i£«tg5 3, tgHfb£5 4 N %»2 5 5SUffiEM^ 

5 6**bTv^. asjsgs lttt, m&.*&mzfflm 

[0 0 5 8] Jj£JB|g5 6F3C*Stt.&at6*;i/*'— 6 3 CD 

yx;v6 8#f2g;*ftTV"»£. c©yX;i/6 8Ji, 
H7 Is MOM*4^§§7 2, ;i/Jgg§7 3, jpfft 

«I»»7 5£flg*fcSl&lil»t#:7 4Sy t BE*EiS#7 

aflfkbTfct, b5IB^ 1 CD^SScD^Sgffl^-&i:(5S|5l«l 

[0 0 5 9] 6CI1 StB*;i/^-6 3C§j| 

*iXfc»Et:RX»*flRW-r**X«3.= v b (ES 
D) tfiKE^ftTUSo if6ffli5-3tliv S&tJVI/^- 

[0 0 6 0] i5fc8>g 5 5 F^CfctaiS*;^- 6 2 #@Hg 
£*lT:fc!3, Z.<DWfc*)W—Q 2CD±JjlZi£Mmt— 

*5 StfBBg^Jvr^a-. &K^;^-6 2» > ^Jtvu 

^-*IIHE;*-fr£lHl«ittMS6 4^$tlt^%. * 

b 6 5tggK*n-r^a. *fc, «5fe^5 5 

^t^^^X^e 6/!)Sgag$nTV^So ccd^^x 
;U6 6tt^Wfflidic^li;-rsJ:^(3^oT*5!5v ft» 

[0 06 1] «f Afb£ 5 4 ft t 6 1 ASSB 

g^tlTfe >3 , Z.<DWmvi>#— 6 1 CD±TtttSPlfftt 
-^5 7ASiag$nTV^Sc Sfes *5^b^54^tt, 

mtzmmmm 5 9 br*s •? , ««&-r jpf^-r 

[0 0 6 2] 8821^5 1, SpfiS^5 3, *Silrfb^5 4, 
«H*S5 5S^fi£^5 6*n^C«(*ia5**^l^ 

•r^^^>x (E^-r) ifim^ti-c^^a 

[0 0 6 3] &\Z, 04CSfffigISfflufe«S 
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[0 0 6 4] &^t\ f&mm 5 6 rt©s«as^m^ 

[0 0 6 5] &OT\ aS3S^5 lrt©!KSn#y b 5 2 

i 5 o'CT-bummzmm? z 0 
[0066] &^x\ mmms irt©«SD*^ b5 2 
ic cfc & 5 5 ftfr fi>&mfcM 5 4 i^ass b, 

^^fb^ 5 4 ttom&^vtr- 6 1 ±fcat«*«*"r 20 
3o &<^t, ss©as^4 0 o-c^T-jpf&t-* 5 7 

£«fc!)Jn#fcU C6DjBKt?»«*-5^HI««p'rSo 
•SBfb^tl^. fc*>\ i^Slc/iSUTe«<bS5 4|*|(ctt 
[0 0 6 7] ±I3^W;r:fcOT*>Sg 1 <Dmm<DMM£ 30 

[ 0 0 6 8 ] m 5 \ts ^mmm 1 <Dmm<DjmizMT 

[ 0 0 6 9 ] 0 5 ic^-T J: a JSaK^gfcJU Jg^^ 8 

[o 0 7 o] H5fc^-raEaiP#y > 8 2, yx;i/9 40 

8, ttX*Ux-*h (ESD) 9 7, SIR*;!/*"— 9 
1,9 2, JnjRh— *8 7,8 8, 0^^19 4, ifflW 
i&a- y h 9 5, iffii|yx;i/9 6&, H4fcjjVJ-ilEaSP 

tf^h5 2, VX;U6 8, ttXjBJL-yb (ESD) 6 
7, 6 2, JjPf&t-*5 7, 5 8. 

[pjie$&f3S6 4, mum*--? V6 5, a(?yx^6 6i: 

[0 0 7 1] £&M^8 6WlC*5»*a«*;i/^-8 3 CD 
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yx;i/9 8^iag$nn^o c©yx;i/9 8it SulB 
ga»£*vc^* 0 isaMyx;i/9 8c«s&t^,«s 

[0 0 7 2] HSfc^rflM^Bft^feflaBDS 

[0 0 7 3] ±g&m<D&M&UZ&\,^Tbm 1 CD^SteOD^ 
[0 0 7 4] ft, *»Wtt±ga*flS©»JBt:fHS*n 

/#J8I^ * t-CD^Jg 4 /J x £ < ^ 3 - ^ iz x o T KffHUK 
[0 0 7 5] /J^gflKCDfiKIK^-v WfcUTtt N 

[0 0 7 6] *»BBfc«a»2CD«IS©JgJIBt:o 

=i —;i/*©«r«}gfflE t: ««p b fc, ^ to «> a 
7ki:a^bT*»fb^;i/«x«:i*l8jRS^b. ^fb^H 
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[0 0 7 7] ZZT\ *mWT-^6tZZ<D&m'7)]/Zi 

Tn 7)1% V&m : K, Li, Na, T^!/* V ±m&m : B 
a, Ca, Mg, Si\ HIS : Ah B, In, IVJS : Si, Ge, S 
iu V® : P, SK Bh W&ytM : Y N Tu Zi\ Nb, Ta, 
V, W N ^>^y-f b* :La, Ce, Nd£7F LTV^o 

[0 0 7 8] ftl:^i7;b^>/ K*m«K*tt:fl3v^fc 
-r<SS-&**JfP"r^C:hT% E6^bfcJ;a^ r n 10 

* s #&*j«i-r * c: t a o 

[0 0 7 9] -T&to-fe. **B8fc J: « JSfiM»Kttx ^JS 

c©Si6D«;to>)t:Pbs Zi\ Ti©r;i/3*> 
ags-s* (a5^sp7j<^s?) ra^fcT, StE****^ 20 

S^Lt^lfc, ^fc>*>*Pb(Zr,Ti)0 3 (PZT)3&»« 

«fc nttK&IKfciKfti'r * C i:^PZTSSl»fi«:»|tt*» * 

(CH 3 C0 2 ) 2 Pb ' 3H 2 0+CH 3 0 (CH 2 ) 2 0H 
X<0.5) 

[0 0 8 3] WZ^ CH3O (CH 2 ) ipmz ( (CH 3 ) 2 CH0) 4 *H 3 ) 2 CH0-) ©-»**VMS:±»tf2-^ h*^h*>> 

SCD, j^#^Uft^4:*ttl.4«*:-Cflq9£rS. [0 0 8 4] 

( (CH 3 ) 2 CH0) 4 Ti&, fO>fV7o^^a ( (C -*30 

( (CH 3 ) 2 CH0) 4 Ti+nCH 3 0 (CH 2 ) 2 0H -> ((CH 3 ) 2 CH0) 4 _ n Ti(0(CH 2 ) 2 0CH 3 ) n 
(n=l-4) 

[0 0 8 5] &£CH 3 0 (CH 2 ) tfMZ (CH 3 (CH 2 ) 3 0) 4 Z £ Q 

r £ mm-r * mwttz tjv ^ 

(CH 3 (CH 2 ) 3 0) 4- nCH 3 0 (CH 2 ) 2 0H -> (CH 3 (CH 2 ) 3O) 4 _ n Zr (0 (C 
H 2 ) 2 0CH 3 ) n (n=l-4) 

[0086] z.n%m*m'&&t>ittz>f )is**$&wiz 
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